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Description 

Technical Field 




[0001 ] The present invention relates to a turbocharger 
for use in an internal combustion engine, and, more par- 
ticularly, to a turbocharger having a two-stage compres- 
sor. 

Background Art 

[0002] An internal combustion engine may include 
one or more turbochargers for compressing a fluid which 
is supplied to one or more combustion chambers within 
corresponding combustion cylinders. Each turbocharg- 
er typically includes a turbine driven by exhaust gases 
of the engine and a compressor which is driven by the 
turbine. The compressor receives the fluid to be com- 
pressed and supplies the fluid to the combustion cham- 
ber. The fluid which is compressed by the compressor 
may be in the form of combustion air or a fuel and air 
mixture. 

[0003] A turbocharger may also include a two-stage 
compressor with two separate compressor wheels 
which are carried and driven by a common shaft coupled 
with the turbine. U.S. Patent No. 5,157,924 (Sudmanns) 
discloses a two-stage compressor with compressor 
wheels which are carried by a common shaft and dis- 
posed in a face-to-face manner relative to each other. 
The two compressors are arranged in a parallel manner 
such that each compressor provides an output to a 
charge air collecting duct in parallel. During idle or light 
load conditions during operation, the outlet of one of the 
compressors is closed so that only a single compressor 
provides an output to the charge air collecting duct. 
[0004] With a two-stage compressor as disclosed in 
Sudmanns '924, the pressure ratio on the output side of 
the two compressors is limited since the compressors 
provide an output in a parallel manner to the charge air 
collecting duct. Moreover, stalling one of the compres- 
sors by merely closing the output therefrom may result 
in overheating of the compressor. 
[0005] The present invention is directed to overcom- 
ing one or more of the problems as set forth above. 
[0006] Further attention is drawn to the prior art doc- 
ument US-6, 029,452, which discloses a charge air sys- 
tem including a small electric motor driven compressor 
for supplying charge air to a four-cycle internal combus- 
tion engine, including systems with turbo charger air 
compressors in series and parallel connection. The dis- 
closed charge air systems can provide an effective 
charge airflow path to the internal combustion engine 
and avoids airflow restrictions at high engine operating 
speed. 

[0007] In accordance with the present invention a tur- 
bo charger, as set forth in claim 1 , an internal combus- 
tion engine, as set forth in claim 14 and a method of 
operating a turbo charger, as set forth in claim 21, are 



provided. Preferr^fcnbodiments of the invention are 
disclosed in the JH Rent claims. 

Disclosure of the Invention 

5 

[0008] In one aspect of the invention, a turbocharger 
for an internal combustion engine is provided with a ro- 
tatable shaft. A first compressor stage includes a first 
compressor wheel carried by the shaft, an axially ex- 
10 tending first inlet and a radially extending first outlet. A 
second compressor stage includes a second compres- 
sor wheel carried by the shaft, an axially extending sec- 
ond inlet and a radially extending second outlet. An in- 
terstage duct fluidly connects in series the first outlet of 
15 the first compressor stage with the second inlet of the 
second compressor stage. The interstage duct includes 
a bypass opening in communication with an ambient en- 
vironment. A valve is positioned within the interstage 
duct. The valve is moveable to and between a first po- 
sition to close the interstage duct and a second position 
to close the bypass opening. 

[0009] In another aspect of the invention, an internal 
combustion engine is provided with an intake manifold 
and a turbocharger. The turbocharger includes a rotat- 
able shaft. A first compressor stage includes a first com- 
pressor wheel carried by the shaft, an axially extending 
first inlet and a radially extending first outlet. A second 
compressor stage includes a second compressor wheel 
carried by the shaft, an axially extending second inlet 
and a radially extending second outlet in communication 
with the intake manifold. An interstage duct fluidly con- 
nects in series the first outlet of the first compressor 
stage with the second inlet of the second compressor 
stage. The interstage duct includes a bypass opening 
in communication with an ambient environment. A valve 
positioned within the interstage duct is moveable to and 
between a first position to close the interstage duct and 
a second position to close the bypass opening. 
[0010] In yet another aspect of the invention, a meth- 
od of operating a turbocharger in an internal combustion 
engine is provided with the steps of: providing a first 
compressor stage including a first compressor wheel 
carried by a shaft, and axially extending first inlet and a 
radially extending first outlet; providing a second com- 
pressor stage including a second compressor wheel 
carried by the shaft, an axially extending second inlet 
and a radially extending second outlet; fluidly intercon- 
necting in series the first outlet of the first compressor 
stage with the second inlet of the second compressor 
stage with an interstage duct, the interstage duct includ- 
ing a bypass opening in communication with an ambient 
environment; positioning a valve within the interstage 
duct; moving the valve to a selected position between a 
first position closing the interstage duct and a second 
position closing a bypass opening; and rotating the shaft 
with the first compressor wheel and the second com- 
pressor wheel. 
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Brief Description of the Dr^ ^jqs 
[0011] 

Fig. 1 is a graphical illustration of a compressor op- 
erating map for a turbocharger having an embodi- 
ment of a multi-stage compressor of the present in- 
vention; and 

Fig. 2 is a simplified, side-sectional view of an inter- 
nal combustion engine including an embodiment of 
a turbocharger of the present invention. 

Best Mode for Carrying Out the Invention 

[0012] Referring now to the drawings, and more par- 
ticularly to Fig. 1, there is shown an operating map for 
a multi-stage (i.e., two-stage) compressor 10 of turbo- 
charger 1 2 shown in Fig. 2 and described in more detail 
hereinafter. Map 14 represents the operating behavior 
of compressor 1 0, and map 1 8 represents the operating 
behavior of compressor wheel 20 alone. Together, map 
14 and map 18 define an allowable operating region of 
two-stage compressor 10. 

[001 3] I n general , as the vol umetric flow rate of turbo- 
charger 12 increases as a result of increased shaft 
speed, the pressure ratio of turbocharger 1 2 likewise in- 
creases. A lower portion 24 of operating curve 22 cor- 
responds to engine low speed conditions, an upper por- 
tion 26 corresponds to engine high speed conditions, 
and an intermediate portion 28 corresponds to a transi- 
tion zone on operating curve 22 where the operating 
curve transitions from map 1 8 associated with compres- 
sor wheel 20 and map 14 associated with compressor 
wheel 16. 

[0014] Line 30 represents the surge line of two-stage 
compressor 1 0. It is preferable to maintain the maximum 
operating curve 22 to the right of surge line 30 at all times 
so that surging of two-stage compressor 10 does not 
occur. However, as shown by the cross-hatched area 
32, the portion of operating curve 22 between lower por- 
tion 24 and intermediate portion 28 does move to the 
left of surge line 30, thus causing surge of two-stage 
compressor 10. 

[0015] Line 34 represents the surge line of compres- 
sor wheel 20 alone. As can be seen, operating curve 22 
always stays to the right of surge line 34. The present 
invention advantageously operates two-stage compres- 
sor 1 0 as a two-stage or single stage compressor to ef- 
fectively manipulate the turbocharger surge line charac- 
teristics to meet the engine operating line requirements 
throughout the speed/load range of the engine. 
[0016] Referring nowto Fig. 2, turbocharger ^form- 
ing part of an internal combustion engine 36 will be de- 
scribed in greater detail. Internal combustion engine 36 
generally includes turbocharger 12, exhaust manifold 
38, intake manifold 40 and controller 42. 
[0017] Exhaust manifold 38 receives exhaust gas 
from a plurality of combustion cylinders (not shown). At 



least a portion of^^^haust gas is directed to turbo- 
charger 12, as infl by line 44. Intake manifold 40 
receives pressurizeTrcombustion air or an air/fuel mix- 
ture from turbocharger 1 2, as indicated by line 46. Intake 
5 manifold 40 is disposed in fluid communication with the 
plurality of combustion cylinders to provide combustion 
air or an air/fuel mixture thereto. 
[0018] Turbocharger 12 includes two-stage compres- 
sor 10 and turbine 48. Turbine 48 is driven by exhaust 
10 gas from exhaust manifold 38. More particularly, ex- 
haust gas flows through a variable nozzle 52, inlet duct 
54 and impinges in a radial direction on turbine wheel 
50. Variable nozzle 52 controls the velocity of the ex- 
haust gas which impinges upon turbine wheel 50, there- 
15 by controlling the rotational speed of turbine wheel 50. 
Turbine wheel 50 is carried by shaft 56, which in turn is 
ratably carried by multi-part housing 58. 
[0019] Compressor wheel 1 6 defines a first compres- 
sor wheel, and compressor wheel 20 defines a second 
compressor wheel. Each of first compressor wheel 16 
and second compressor wheel 20 are carried by com- 
mon shaft 56. Thus, rotation of shaft 56 by turbine wheel 
50 in turn causes rotation of first compressor wheel 16 
and second compressor wheel 20. First compressor 
wheel 16 and second compressor wheel 20 each face 
in a common direction away from turbine wheel 50, and 
thus are termed "forward facing" compressor wheels. 
First compressor wheel 1 6 has a diameter which is larg- 
er than second compressor wheel 20, yielding a larger 
pressure ratio for first compressor wheel 16 when com- 
pared with second compressor wheel 20. In the embod- 
iment shown, first compressor wheel 1 6 has a diameter 
providing a rated pressure ratio of between 1 .5:1 and 3: 
1 and second compressor wheel 20 has a diameter pro- 
viding a total pressure ratio between about 2:1 and 3.5: 
1. 

[0020] First compressor wheel 16 of the first compres- 
sor stage includes a first inlet 60 which receives com- 
bustion air or a fuel/air mixture, and a first outlet 62. Sim- 
ilarly, second compressor wheel 20 of the second com- 
pressor stage has a second inlet 64 and a second outlet 
66. First outlet 62 associated with first compressor 
wheel 1 6 is connected in series with second inlet 64 as- 
sociated with second compressor wheel 20 via inter- 
stage duct 68. 

[0021] Plate valve 70 is positioned within interstage 
duct 68 and is coupled with controller 42, as indicated 
at reference number B. Plate valve 70 is spring biased 
to the first position closing interstage duct 68, as repre- 
sented by arrow 78. Controller 42 selectively moves 
plate valve 70 between a first position (shown in solid 
lines) to close interstage duct 68 and a second position 
(shown in dashed lines) to close bypass opening 72. 
Plate valve 70 includes a plurality of leakage holes 74 
allowing a limited amount of fluid flow therethrough 
when plate valve 70 is in the first position closing inter- 
stage duct 68, thereby allowing limited cooling of first 
compressor wheel 16. 
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[0022] A bypass duct 7^agiinates at bypass open- 
ing 72. Bypass duct 76 i^^Bsed in parallel with first 
inlet 60 of first compress^Wneel 16. Bypass duct 76 
allows combustion air or an air/fuel mixture to be trans- 
ported into interstage duct 68 when plate valve 70 is in 
the first position closing interstage duct 68. 
[0023] Sensors 80, 82 and 84 are each coupled with 
controller 42 and provide an output signal thereto, as 
indicated by reference letter A. Sensor 80 senses a ro- 
tational speed of shaft 56; sensor 82 senses pressure 
within interstage duct 68; and sensor 84 senses a volu- 
metric flow rate of combustion air or an air/fuel mixture 
flowing to first inlet 60 and/or bypass opening 72. Con- 
troller 42 selectively controls a position of plate valve 
70, depending upon a signal received from sensor 80, 
82 and/or 84. Other engine operating parameters such 
as engine speed may also be sensed. 

Industrial Applicability 

[0024] During use, exhaust gas is transported from 
exhaust manifold 38 to variable nozzle 52. The diameter 
of variable nozzle 52 is controlled to thereby control the 
flow velocity of the exhaust gas flowing through inlet 
duct 54 and impinging upon turbine wheel 50. Turbine 
wheel 50 is coupled with shaft 56, which in turn carries 
first compressor wheel 16 and second compressor 
wheel 20. The rotational speed of first compressor 
wheel 16 and second compressor wheel 20 thus corre- 
sponds to the rotational speed of shaft 56. Depending 
upon the diameter of first compressor wheel 16 and sec- 
ond compressor wheel 20, the tangential velocity at the 
radial periphery thereof varies. The larger the diameter, 
the higher the tangential velocity at the outside diameter. 
The pressure ratio of first compressor wheeM 6 and sec- 
ond compressor wheel 20 may thus be varied depend- 
ing upon the selected diameter. During normal or high 
speed engine operation, the pressure within interstage 
duct 68 overcomes the spring bias against plate valve 
70 and moves plate valve 70 to a second position clos- 
ing bypass opening 72. Thus, two-stage compressor 1 0 
operates using operating curve 22 associated with 
maps 14 and 18 (Fig. 1). During low speed or idle con- 
ditions of the internal combustion engine, the pressure 
within interstage duct 68 drops and a spring biased force 
exerted against plate valve 70 moves plate valve 70 to 
the first position closing interstage duct 68. The com- 
bustion air or air/fuel mixture is thus transported through 
bypass duct 76 to bypass opening 72, thereby allowing 
two-stage compressor 10 to operate as a single stage 
compressor utilizing only second compressor wheel 20. 
To ensure adequate cooling of first compressor wheel 
16, a limited amount of flow occurs through leakage 
holes 74 in plate valve 70 within interstage duct 68. Oth- 
er operating perimeters sensed by sensors 80, 82 and/ 
or 84 may also be utilized to controllably adjust the po- 
sition of plate valve 70 using controller 42. 
[0025] In the embodiments shown in the drawings and 
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described above^Pfcalve within interstage duct 68 al- 
lowing either two^QP^r single stage operation of tur- 
bocharger 1 2 is in thelorm of a plate valve 70. However, 
it is to be understood that other types of valves which 

5 may effectively open and close interstage duct 68 and 
bypass opening 72 may also be provided. 
[0026] The present invention provides a turbocharger 
for use in an internal combustion engine with two com- 
pressor wheels which may normally be operated as a 

10 two-stage compressor. However, under certain operat- 
ing conditions only a single compressor wheel is utilized 
to thereby provide a single stage compressor. This has 
the effect of shifting the surge line to the left of the op- 
erating characteristic map for the two-stage compres- 

15 sor, thereby effectively inhibiting surge of the turbo- 
charger during low speed or idle conditions. The valve 
which is disposed within the interstage duct to effect the 
single stage or two-stage operation of the compressor 
may either be mechanically actuated (with or without 

20 overriding electronic actuation) or electronically actuat- 
ed based on sensor signals associated with an operat- 
ing characteristic of the internal combustion engine. 
[0027] Other aspects, objects and advantages of this 
invention can be obtained from a study of the drawings, 

25 the disclosure and the appended claims. 



Claims 

30 1. a turbocharger (12) for an internal combustion en- 
gine (36), comprising: 

a rotatable shaft (56); 

a first compressor stage including a first com- 
35 pressor wheel (16) carried by said shaft (56), 

an axially extending first inlet 60) and a radially 
extending first outlet(62); 
a second compressor stage including a second 
compressor wheel (20) carried by said shaft 
(56), an axially extending second inlet (64)and 
a radially extending second outlet (66) ; 
an interstage duct (68) fluidly connecting in se- 
ries said first outlet (62) of said first compressor 
stage with said second inlet (64) of said second 
45 compressor stage, said interstage duct (68) in- 

cluding a bypass opening (72) in communica- 
tion with an ambient environment; and 
a valve (70)positioned within said interstage 
duct (68), said valve (70) movable to and be- 
so tween a first position to close said interstage 
duct (68)and a second position to close said by- 
pass opening (72). 

2, The turbocharger ( 1 2) of claim 1 , wherein said valve 
55 (70) is spring biased. 

3. The turbocharger (1 2) of claim 2, wherein said valve 
(70) is spring biased to said first position. 
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4. The turbocharger (12^^laim 1, including a con- 
troller (42) coupled w^^Ed valve (70) to selective- 
ly move said valve (/^retween said first position 
and said second position. 

5 

5. The turbocharger (1 2) of claim 4, including a sensor 
(80) for sensing at least one of engine speed, volu- 
metric flow rate of combustion air, rotational speed 
of said shaft (56), pressure within said interstage 
duct (68), absolute boost pressure and atmospheric 10 
pressure, said sensor (80) coupled with and provid- 
ing an output signal to said controller (42), said con- 
troller (42) selectively moving said valve (70) de- 
pendent upon said sensor signal. 

15 

6. The turbocharger (1 2) of claim 1 , wherein said valve 
(70) includes a plate. 



wherein said J|^^70) is spring biased to said first 
position. )j[ Pr 

17. The internal combustion engine (36) of claim 14, in- 
cluding a controller (42) coupled with said valve (70) 
to selectively move said valve (70) between said 
first position and said second position. 

18. The internal combustion engine (36) of claim 1 7, in- 
cluding a sensor (80) for sensing at least one of en- 
gine speed, volumetric flow rate of combustion air, 
rotational speed of said shaft (56) and pressure 
within said interstage duct (68), said sensor (80) 
coupled with and providing an output signal to said 
controller (42), said controller (42) selectively mov- 
ing said valve (70) dependent upon said sensor sig- 
nal. 



7. The turbocharger (1 2) of claim 6, wherein said plate 
(70) includes leakage holes (74)extending there- 
through. 

8. The turbocharger (12) of claim 1 , wherein each of 
said first compressor wheel (16) and said second 
compressor wheel (20) face in a common direction. 

9. The turbocharger (1 2) of claim 8, including a turbine 
(48), and wherein each of said first compressor 
wheel (16) and said second compressor wheel (20) 
face in a common direction away from said turbine 
(48). 

10. The turbocharger (12) of claim 1 , wherein said first 
compressor has a pressure ratio of between about 
1.5:1 and 3:1, and said second compressor has a 
pressure ratio of between about 2:1 and 3.5:1 . 

1 1 . The turbocharger (1 2) of claim 1 , including a turbine 
(48) with a variable nozzle (52) inlet, said turbine 
(48) connected with and driving said shaft (56). 

12. The turbocharger (12) of claim 1 , including at least 
one housing (58) defining said first inlet (60), said 
first outlet (62), said second inlet (64), said second 
outlet (66) and said interstage duct (68). 

13. The turbocharger (12) of claim 12, wherein said at 
least one housing (58) includes multiple housing 
parts. 

14. An internal combustion engine (36), comprising an 
intake manifold (40) and a turbocharger as de- 
scribed in claim 1 . 

15. The internal combustion engine (36) of claim 14, 
wherein said valve (70) is spring biased. 

16. The internal combustion engine (36) of claim 15, 



19. The internal combustion engine (36) of claim 14, 
20 wherein said valve (70) includes a plate. 

20. The internal combustion engine (36) of claim 19, 
wherein said plate includes leakage holes (74) ex- 
tending therethrough. 

25 

21 . A method of operating a turbocharger (12) in an in- 
ternal combustion engine (36), comprising the 
steps of: 

30 providing a first compressor stage including a 

first compressor wheel (16) carried by a shaft 
(56), an axially extending first inlet (60) and a 
radially extending first outlet (62); 
providing a second compressor stage including 

35 a second compressor wheel (20) carried by 

said shaft (56), an axially extending second in- 
let (64) and a radially extending second outlet 
(66); 

fluidly interconnecting in series said first outlet 
40 (62) of said first compressor stage with said 

second inlet (64) of said second compressor 
stage with an interstage duct (68), said inter- 
stage duct (68) including a bypass opening (72) 
in communication with an ambient environ- 
45 ment; 

positioning a valve (70) within said interstage 
duct (68); 

moving said valve (70) to a selected position 
between a first position closing said interstage 
so duct (68) and a second position closing said by- 

pass opening (72); and 

rotating said shaft (56) with said first compres- 
sor wheel (16) and said second compressor 
wheel (20). 

55 

22. The method of claim 21 , wherein said moving step 
includes biasing said valve (70) to said first position. 
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23. The method of claim ^^mcluding the steps of : 

providing a cont^^^(42) coupled with said 
valve (70); and 

selectively moving said valve (70) between said 
first position and said second position using 
said controller (42). 

24. The method of claim 23, including the steps of: 

sensing an operating parameter corresponding 
to at least one of engine speed, volumetric flow 
rate of combustion air, rotational speed of said 
shaft (56) and pressure within said interstage 
duct (68) using a sensor (80); and 
selectively moving said valve (70) with said 
controller (42) dependent upon said sensed op- 
erating parameter. 

25. The method of claim 21 , wherein said valve (70) in- 
cludes a plate with leakage holes (74) extending 
therethrough, said moving step includes moving 
said plate to said first position, and including the 
step of leaking airthrough said leakage holes (74). 



Patentansp ruche 

1. Ein Turbolader (12) fur einen Verbrennungsmotor 
(36), wobei der Turbolader Folgendes aufweist: 

eine drehbare Welle (56); 
eine erste Kompressorstufe mit einem ersten 
Kompressorlaufrad (16), das durch die Welle 
(56) getragen wird, und einem sich axial er- 
streckenden ersten Einlass (60) und einem sich 
radial erstreckenden ersten Auslass (62); 
eine zweite Kompressorstufe mit einem zwei- 
ten Kompressorlaufrad (20), das auf der Welle 
(56) getragen wird, und mit einem sich axial er- 
streckenden zweiten Einlass (64) und einem 
sich radial erstrekkenden zweiten Auslass (66); 
einen Zwischenstufenkanal (68), der stro- 
mungsmittelmaBig den ersten Auslass (62) der 
ersten Kompressorstufe mit dem zweiten Ein- 
lass (64) der zweiten Kompressorstufe in Serie 
verbindet, wobei der Zwischenstufenkanal (68) 
eine Bypass-Offnung (72), die mit der AuBen- 
umgebung kommuniziert, beinhaltet; und 
ein Ventil (70), das in dem Zwischenstufenka- 
nal (68) positioniert ist, wobei das Ventil (70) in 
eine erste Position, um den Zwischenstufenka- 
nal (68) zu schlieBen und eine zweite Position, 
um die Bypassoffnung (72) zu schlieBen, sowie 
zwischen diesen beiden Positionen beweglich 
ist. 

2. Turbolader (1 2) nach Anspruch 1 , wobei das Ventil 



10 

(70) federvorg|Mfc?/tnt ist. 

3. Turbolader (1 2) nach Anspruch 2, wobei das Ventil 
(70) in die erste Position federvorgespannt, ist. 

5 

4. Turbolader (1 2) nach Anspruch 1 , wobei der Turbo- 
lader eine Steuerung (42) beinhaltet, die mit dem 
Ventil (70) gekoppelt ist, um selektiv das 

10 5. Turbolader (1 2) nach Anspruch 4, wobei der Turbo- 
lader einen Sensor (80) besitzt zum Abfuhlen zu- 
mindest einer der folgenden Faktoren: Motorge- 
schwindigkeit, Volumenstromrate der Verbren- 
nungsluft, Rotationsgeschwindigkeit der Welle (56), 

*5 Druck innerhalb des Zwischenstufenkanals (68), 
absoluter Ladedruck (boost pressure) und atmo- 
spharischer Druck, wobei der Sensor (80) mit der 
Steuerung (42) gekoppelt ist und ein Ausgabesi- 
gnal an diesen vorsieht, wobei die Steuerung (42) 

20 selektiv das Ventil (70) in Abhangigkeit von dem 
Sensorsignal bewegt. 

6. Turbolader (12) nach Anspruch 1 , wobei das Ventil 
(70) eine Platte beinhaltet. 

25 

7. Turbolader (12) nach Anspruch 6, wobei die Platte 
(70) Leckagel6cher(74), die sich hierdurch erstrek- 
ken, beinhaltet. 

30 8. Turbolader (12) nach Anspruch 1, wobei beide, das 
erste Kompressor-Laufrad (16) und das zweite 
Kompressor-Laufrad (20), in eine gemeinsame 
Richtung zeigen. 

35 9. Turbolader (1 2) nach Anspruch 8, wobei der Turbo- 
lader eine Turbine (78) aufweist, wobei jede der, 
das ersten Kompressorlaufrader (16) und der zwei- 
ten Kompressorlaufrader (20) in eine gemeinsame 
Richtung weg von der Turbine (48) zeigen. 

40 

10. Turbolader (12) nach Anspruch 1, wobei der erste 
Kompressor ein Druckverhaltnis von zwischen un- 
gefahr 1 ,5:1 und 3:1 besitzt, und der zweite Kom- 
pressor ein Druckverhaltnis von zwischen ungefahr 

45 2:1 und 3,5:1 besitzt. 

1 1 . Turbolader (1 2) nach Anspruch 1 , wobei der Turbo- 
lader eine Turbine (48) mit einem Einlass mit varia- 
bler Diise bzw. Stutzen aufweist, wobei die Turbine 

so (48) mit der Welle (56) verbunden ist und diese an- 
treibt 

12. Turbolader (12) nach Anspruch 1 , wobei der Turbo- 
lader mindestens ein Gehause (58) aufweist, das 

55 den ersten Einlass (60), den ersten Auslass (62) 
den zweiten Einlass (64), den zweiten Auslass (66) 
und den Zwischenstufenkanal (68) definiert. 
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13. Turbolader (12) nach ^jpruch 12, wobei das zu- 
mindest eine Gehau^^M mehrere Gehauseteile 
beinhaltet. 

14. Ein Verbrennungsmotor(36), der einen Einlassver- 
teiler (intake manifold) (40) und einen Turbolader, 
wie er in Anspruch 1 beschrieben ist, aufweist. 

15. Verbrennungsmotor (36) nach Anspruch 14, wobei 
das Ventil (70) federvorgespannt ist. 

16. Verbrennungsmotor (36) nach Anspruch 15, wobei 
das Ventil (70) in die erste Position federvorge- 
spannt ist. 

17. Verbrennungsmotor (36) nach Anspruch 14, wobei 
der Verbrennungsmotor eine Steuerung (42) be- 
sitzt, der mit dem Ventil (70) gekoppelt ist, urn se- 
lektiv das Ventil (70) zwischen der ersten Position 
und derzweiten Position zu bewegen. 

1 8. Verbrennungsmotor (36) nach Anspruch 1 7, der ei- 
nen Sensor (80) zum Abfuhlen von zumindest ei- 
nem der folgenden Faktoren aufweist: Motorge- 
schwindigkeit, Volumenstromungsrate der Ver- 
brennungsluft, Rotationsgeschwindigkeit der Welie 
(56) und Druck innerhalb des Zwischenstufenka- 
nals (68), wobei der Sensor (80) mit der Steuerung 
(42) gekoppelt ist und an diese ein Ausgabesignal 
vorsieht, wobei die Steuerung (42) selektiv das 
Ventil (70) in Abhangigkeit von dem Sensorsignal 
bewegt. 

19. Verbrennungsmotor (36) nach Anspruch 14, wobei 
das Ventil (70) eine Platte aufweist. 

20. Verbrennungsmotor (36) nach Anspruch 19, wobei 
die Platte Leckage- bzw. Ausstromlocher, die sich 
hierdurch strecken, aufweist. 

21. Ein Verfahren zum Betreiben eines Turboladers 
(12) in einem Verbrennungsmotor (36), wobei das 
Verfahren die folgenden Schritte aufweist: 



fe mit deijj^eiten Einlass (64) der zweiten 
Komprep^Pe mit einem Zwischenstufen- 
kanal (68) irTSerie, wobei der Zwischenstufen- 
kanal (68) eine Bypass-Offnung (72) aufweist, 

5 die mit einer AuBenumgebung kommuniziert; 

Positionieren eines Ventils (70) innerhalb des 
Zwischenstufenkanals (68); 
Bewegen des Ventils (70) in eine ausgewahlte 
Position zwischen einer ersten Position, die 

10 den Zwischenstufenkanal (68) schlie3t und ei- 

ner zweiten Position, die die Bypass-Offnung 
(72) schlieGt; und 

Rotierende Welle (56) mit dem ersten Kom- 
pressorlaufrad (1 6) und dem zweiten Kompres- 
15 sorlaufrad (20). 

22. Verfahren nach Anspruch 21 , wobei der Bewe- 
gungsschritt folgenden Schritt beinhaltet: Vorspan- 
nen des Ventils (70) in die erste Position. 

20 

23. Verfahren nach Anspruch 21 , das weiterhin die fol- 
genden Schritte aufweist: 

Vorsehen einer Steuerung (72), die mit dem 
25 Ventil (70) gekoppelt ist; und 

selektives Bewegen des Ventils (70) zwischen 
der ersten Position und der zweiten Position 
unter Verwendung der Steuerung (72). 

30 24. Verfahren nach Anspruch 23, das weiterhin die fol- 
genden Schritte aufweist: 

Abfuhlen eines Betriebsparameters, der zu- 
mindest einem der folgenden Parameter bzw. 
35 Faktoren entspricht: Motorgeschwindigkeit, 

Volumenstromungsrate der Verbrennungsluft, 
Rotationsgeschwindigkeit der Welle (56) und 
Druck innerhalb des Zwischenstufenkanals 
(68) und zwar unter Verwendung eines Sen- 
40 sors (80); und 

selektives Bewegen des Ventils (70) mit der 
Steuerung (42), und zwar in Abhangigkeit des 
abgefuhlten Betriebsparameters. 



30 



35 



Vorsehen einer ersten Kompressorstufe mit ei- *5 
nem ersten Kompressorlaufrad (16), das auf ei- 
ner Welle (56) getragen wird, und mit einem 
sich axial erstrekkenden ersten Einlass (60) 
und einem sich radial erstreckenden ersten 
Auslass (62); 50 
Vorsehen einer zweiten Kompressorstufe mit 
einem zweiten Kompressorlaufrad (20), das 
auf der Welle 56 getragen wird, und mit einem 
sich axial erstrekkendem zweiten Einlass (64) 
und einem sich radial erstreckenden zweiten 55 
Auslass (66); 

StromungsmittelmaBiges Verbinden des er- 
sten Auslasses (62) der ersten Kompressorstu- 



25. Verfahren nach Anspruch 21 , wobei das Ventil (70) 
eine Platte mit Leckagelochern (74), die sich hier- 
durch erstrecken, aufweist, wobei der Bewegungs- 
schritt Folgendes beinhaltet: Bewegen der Platte in 
die erste Position und Durchlassen von Luft durch 
die Leckagelocher (74). 



Revendications 

1. Turbocompresseur (12) pour moteur a combustion 
interne (36) comprenant : 

un arbre tournant (56) ; 
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un premier etage c^^mpresseur comprenant 
une premiere rouj^^kompresseur (1 6) portee 
par I'arbre (56),^^/ premiere entr6e (60) 
s'etendant axialement et une premiere sortie 
(62) s'etendant radialement ; 
un second etage de compresseur comprenant 
une seconde roue de compresseur (20) portee 
par I'arbre (56), une seconde entree s'etendant 
axialement (64) et une seconde sortie s'eten- 
dant radialement (66) ; 

une conduite interetage (68) reliant, en serie, 
la premiere sortie (62) du premier etage de 
compresseur a la seconde entree (64) du se- 
cond etage de compresseur, la conduite inters- 
tage (68) incluant une ouverture de derivation 
(72) en communication avec ['atmosphere ; et 
une vanne (70) disposee dans la conduite inte- 
retage (68), la vanne (70) etant mobile entre 
une premiere position pourfermer la conduite 
interetage (68) et une seconde position pour 
fermer I'ouverture de derivation (72). 

2. Turbocompresseur (12) selon la revendication 1, 
dans lequel la vanne (70) est sollicitee par un res- 
sort. 

3. Turbocompresseur (12) selon la revendication 2, 
dans lequel la vanne (70) est sollicitee par un res- 
sort vers la premiere position. 

4. Turbocompresseur (1 2) selon la revendication 1 , in- 
cluant un controleur (42) couple" a la vanne (70) 
pour deplacer selectivement la vanne (70) entre la 
premiere position et la seconde position. 

5. Turbocompresseur (12) selon la revendication 4, in- 
cluant un capteur (80) pour detecter au moins I'un 
de la Vitesse du moteur, le debit volumetrique de 
I'air de combustion, la vitesse de rotation de I'arbre 
(56), la pression dans la conduite interetage (68), 
la surpression absolue et la pression atmospheri- 
que, le capteur (80) etant couple au controleur (42) 
et lui foumissant un signal de sortie, le controleur 
(42) deplacant selectivement la vanne (70) en fonc- 
tion du signal du capteur. 

6. Turbocompresseur (12) selon la revendication 1, 
dans lequel la vanne (70) inclut une plaque. 

7. Turbocompresseur (12) selon la revendication 6, 
dans lequel la plaque (70) comprend des trous de 
fuite (74) qui la traversent. 

8. Turbocompresseur (12) selon la revendication 1, 
dans lequel la premiere roue de compresseur (16) 
et la seconde roue de compresseur (20) sont tour- 
neys dans une meme direction. 



9. Turbocompresjfctf £12) selon la revendication 8, in- 
cluant une turj^^f48) et dans lequel la premiere 
roue de compresseur (16) et la seconde roue de 
compresseur (20) sont tourn6es dans une meme di- 

5 rection a recart de la turbine (48). 

10. Turbocompresseur (12) selon la revendication 1, 
dans lequel le premier compresseur a un taux de 
compression compris entre environ 1 ,5/1 et 3/1 , et 

10 le second compresseur a un taux de compression 
compris entre environ 2/1 et 3,5/1 . 

1 1 . Turbocompresseur (1 2) selon la revendication 1 , in- 
cluant une turbine (48) a entree a buse variable 

*5 (52), la turbine (48) etant reliee a I'arbre (56) et I'en- 
traTnant. 

12. Turbocompresseur (12) selon la revendication 1 , in- 
cluant au moins un carter (58) definissant la premie- 

20 re entree (60), la premiere sortie (62), la seconde 
entree (64), la seconde sortie (66) et la conduite in- 
teretage (68). 

13. Turbocompresseur (12) selon la revendication 12, 
25 dans lequel ledit au moins un carter (58) inclut plu- 

sieurs elements de carter. 

14. Moteur a combustion interne (36) comprenant un 
distributeur d'admission (40) et un turbocompres- 

30 seur selon la revendication 1 . 

15. Moteur a combustion interne (36) selon la revendi- 
cation 14, dans lequel ladite vanne (70) est sollici- 
tee par un ressort. 

35 

16. Moteur a combustion interne (36) selon la revendi- 
cation 15, dans lequel ladite vanne (70) est sollici- 
tee par un ressort vers la premiere position. 

40 17. Moteur a combustion interne (36) selon la revendi- 
cation 14, incluant un contr6leur (42) couple a la 
vanne (70) pour deplacer selectivement la vanne 
(70) entre la premiere position et la seconde posi- 
tion. 

45 

18. Moteur a combustion interne (36) selon la revendi- 
cation 1 7, incluant un capteur (80) pour detecter au 
moins Tun de la vitesse du moteur, le debit volume- 
trique de I'air de combustion, la vitesse de rotation 

so de I'arbre (56), la pression dans la conduite intere- 
tage (68), la surpression absolue et la pression at- 
mosphehque, le capteur (80) etant couple au con- 
troleur (42) et lui fournissant un signal de sortie, le 
controleur (42) deplacant selectivement la vanne 
55 (70) en fonction du signal du capteur. 

19. Moteur a combustion interne (36) selon la revendi- 
cation 14, dans lequel la vanne (70) inclut une pla- 
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que. 



n^rarn* 



20. Moteur a combustiorYJTTSrne (36) selon la revendi- 
cation 19, dans lequel la plaque comprend des 
trous de fuite (74) qui la traversers. 

21. Procede d'actionnement d'un turbocompresseur 
(12) dans un moteur a combustion interne (36) com- 
prenant les etapes suivantes : 

prevoir un- premier etage de compresseur in- 
cluant une premiere roue de compresseur (16) 
portee par un arbre (56), une premiere entree 
s'etendant axialement (60) et une premiere sor- 
tie s'etendant radialement (62) ; 
prevoir un second etage de compresseur in- 
cluant une seconde roue de compresseur (20) 
portee par I'arbre (56), une seconde entree 
s'etendant axialement (64) et une seconde sor- 
tie s'etendant radialement (66) ; 
connecter en serie la premiere sortie (62) du 
premier etage de compresseur a la seconde 
entree (64) du second etage de compresseur 
avec une conduite interetage (68), la conduite 
interetage (68) comprenant une ouverture de 
derivation (72) en communication avec 
I'atmosphere ; 

disposer une vanne (70) dans la conduite inte- 
retage (68) ; 

deplacer la vanne (70) vers une position selec- 
tionnee entre une premiere position fermant la 
conduite interetage (68) et une seconde posi- 
tion fermant I'ouverture de derivation (72) ; et 
faire tourner I'arbre (56) au moyen de la pre- 
miere roue de compresseur (1 6) et de la secon- 
de roue de compresseur (20). 



w 
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teretage ? (|fc*eri utilisant un capteur (80) ; et 
deplacer d(PW/ement la vanne (70) au moyen 
du controleur (42) en fonction du parametre de 
fonctionnement detecte. 

25. Procede selon la revendication 21 . dans lequel la 
vanne (70) inclut une plaque avec des trous de fuite 
(74) qui la traversent, I'etape de deplacement in- 
cluant le deplacement de la plaque vers la premiere 
position et incluant I'etape consistant a laisser fuir 
de I'air a travers les trous de fuites (74). 



22. Procede selon la revendication 21 , dans lequel 
I'etape de deplacement inclut la sollicitation de la 
vanne (70) vers la premiere position. 



40 



23. Procede selon la revendication 21 , incluant les eta- 
pes suivantes : 

prevoir un controleur (42) couple a la vanne 45 
(70) ; et 

deplacer selectivement la vanne (70) entre la 
premiere position et la seconde position en uti- 
lisant le controleur (42). 



24. Procede selon la revendication 23, incluant les eta- 
pes suivantes : 



50 



detecter un parametre de fonctionnement cor- 
respondant a Tun au moins des parametres 
suivants : vitesse du moteur, debit volumetri- 
que de I'air de combustion, vitesse de rotation 
de I'arbre (56) et pression dans la conduite in- 
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VOLUMETRIC FLOW RATE (M 3 /s) 

FIG. I 




